The paper investigates the role of real exchange rate misalignment on long-run growth for a set of ninety countries using time series data from 1980 to 2004. We first estimate a panel data model (using fixed and random effects) for the real exchange rate, with different model specification, in order to produce estimates of the equilibrium real exchange rate and this is then used to construct our measures of real exchange rate misalignment. We also provide an alternative set of estimates of real exchange rate misalignment using panel cointegration methods. The variables used in our real exchange rate models are: real per capita GDP; net foreign assets; terms of trade and government consumption. The results for the two-step System GMM panel growth models indicate that the coefficients for real exchange rate misalignment are positive for different model specification and samples, which means that a more depreciated (appreciated) real exchange rate helps (harms) long-run growth. The estimated coefficients are higher for developing and emerging countries.
Introduction
The real exchange rate does not normally feature in economic growth models, particularly those founded in the neoclassical tradition. Its role has however been highlighted by the literature on export-led growth since one of the policy recommendations in this literature is that it is crucially important that the price of export goods and services is at a level that makes it attractive to shift resources into their production. Other studies in the real exchange rate and growth literature are devoted to examining the effect of real exchange volatility on trade and investment and ultimately on growth. High real exchange rate volatility is also part of the investigation on the occurrence of currency crises episodes and how this has a negative impact on growth.
The empirical literature on exchange rate misalignment and growth is not an extensive one but it has grown recently after the experience of several countries adopting pegged exchange rates as a key element in a disinflation policy. The outcome of such pegged exchange rate regimes is frequently associated with real exchange rate appreciation and the adverse impact this has on the external balance. One of the main arguments in favor of shifting from pegged to flexible exchange rates is that such a move is followed by a nominal and real depreciation, which helps foster long-run economic growth. Another reason for the growing interest in real exchange rate misalignment and growth is the experience of real exchange rate appreciation for many currencies over the past years when the U.S. dollar has been on a trend depreciation path due to its fiscal and current account deficits. This paper empirically investigates the relationship between real exchange rate misalignment and long-run economic growth for a set of almost one hundred countries using panel data techniques, including fixed and random effects, panel cointegration and system GMM. One of the main empirical contributions of the paper is to test different model specifications for the longrun equilibrium real exchange rate and then use these to obtain estimated real exchange rate misalignments and assess how robust the results are when they are included as an explanatory variable in the panel growth model. We have also estimated the growth models using System GMM and corrected for too many instruments, which is not a common feature in most recent empirical studies on real exchange rate misalignment and growth.
The empirical results indicate that the coefficients for different measures of real exchange rate misalignment are positive for all estimated models and statistically significant for most model specifications and different samples, meaning that a more depreciated real exchange rate enhances long-run growth. The estimated coefficients for real exchange rate misalignment are higher for developing countries in most models, suggesting that the benefits for such countries are greater in terms of fostering long-run growth.
The paper is divided in two sections other than the introduction and concluding remarks. Section one develops a literature review on real exchange rate misalignment and growth. Section two is dedicated to the empirical results including the estimation of the real exchange rate misalignments and the panel growth models for the complete sample and for a set of developing and emerging economies.
-Real Exchange Rate Misalignment and Growth: A Literature Review
The literature on real exchange rate equilibrium goes back to the 1960s (Balassa, 1964) and the second half of the first decade of the new century has shown an increase in the number of empirical studies on real exchange rate misalignment and growth.
1 The notion of real exchange rate equilibrium is normally associated with the combination of external (current account sustainability) and internal (intertemporal equilibrium in the goods market) balance. The literature on exchange rate misalignment has not reached a consensus in terms of how it is measured, since part of the literature is based on deviations from PPP while other studies focus on the deviation of the real exchange rate from some equilibrium level.
2 Another issue that is frequently examined in the literature on real exchange rate misalignment is the notion that overvaluation processes that last for a significant period of time are good indicators of possible currency crises (Frankel and Rose, 1996) and ultimately have an impact on relative price adjustment and are negatively correlated with growth.
One of the early studies on exchange rate misalignment and growth is Razin and Collins (1997) who argue that the policy of keeping the real exchange rate depreciated is generally associated with competitive devaluation policies to stimulate a country's export sector. Edwards (1989) investigates the relationship between real exchange rates and growth and one of the main findings is that inadequate (misaligned) real exchange rates are associated with relative price distortions in the tradable and non-tradable goods sectors and the outcome is a non-optimum allocation of resources among different sectors of the economy, which has a negative impact on growth.
3 Rodrik (2008) is one of the recent studies on real exchange rate misalignment and growth, with estimation results for a set of 184 countries and time series data from 1950 to 2004. The author develops an index to measure the degree of real exchange rate undervaluation adjusted to the Balassa-Samuelson effect using real per capita GDP (RGDPCH -Penn World Table) data. The main empirical result is that growth is higher in countries with more undervalued real exchange rates and the effect is linear and similar for both under and overvaluation, meaning that an overvalued real exchange rate hurts growth while an undervalued one foster growth. The magnitude and statistical significance of the estimated coefficient for real exchange rate undervaluation is higher for developing countries due to the fact that such countries are often characterized by institutional fragility and market failures. 4 Berg and Miao (2010) develop an empirical investigation on real exchange rate misalignment and growth in order to compare the results with Rodrik (2008) and what they call the Washington Consensus (WC) view, which is based on a fundamental equilibrium exchange rate 1 See Rodrik (2008) , Eichengreen (2008) , Berg and Miao (2010) , Gala and Lucinda (2006) , and Aghion et. al (2006) for recent panel data studies on real exchange rate misalignment and growth. On the role of exchange rate regimes and misalignments in developing countries, see Coudert and Couharde (2008 Clark and MacDonald (1988) for a description of the BEER (Behavioral Equilibrium Exchange Rate) approach to measure real exchange rate misalignment. The idea is to estimate a long-run relationship between the real effective exchange rate and its fundamentals, where the equilibrium exchange rate is allowed to change over time based on changes in economic fundamentals and domestic policies. The BEER and the fundamental equilibrium exchange rate (FEER) provide useful information on the selection of the main determinants of the real exchange rate: per capita real GDP (Balassa-Samuelson effect) , net foreign assets, the terms of trade and government consumption. 4 Rodrik (2008) incorporates other variables in the growth models (panel and cross-section regressions), including: lagged growth, initial income level (convergence), institutions (Rule of Law), government consumption, terms of trade, inflation, gross domestic saving, years of education, time and country dummies.
model (FEER).
5 The main result suggest that both views are observationally equivalent for the main growth regressions but there are some identification problems since the determinants of real exchange rate misalignments are also likely to be explanatory variables in the growth regression. The empirical findings support those from Rodrik (2008) in the sense that undervaluation helps foster long-run growth and overvaluation has the opposite effect, a result that it is not consistent with the WC view. The authors argue that once they disentangle the direct and the indirect effects of the factors that drives growth the evidence is in favor of the WC view. Eichengreen (2008) develops a historical review of the literature on real exchange rate and growth, focusing attention on possible channels through which the real exchange rate might have an impact on long-run economic growth. The author argues in favor of a more depreciated real exchange rate but without generating higher volatility, which is a favorable combination for developing and emerging economies where a more dynamic export sector is usually an important part of the process for achieving higher and sustained economic growth rates. 6 The main policy recommendation is to keep the real exchange rate at a competitive level and with lower volatility since they are relevant for jump-starting growth based on development experiences such as the high growth East Asia economies.
The work developed by Aguirre and Calderón (2006) is among those using a measure of exchange rate misalignment based on the residuals from a FEER regression and they use dynamic panel and cointegration analysis for a set sixty countries with data from 1965 to 2003. The empirical evidence suggests that the effect of RER misalignment on growth is non-linear, which means that when real exchange rate depreciation is too high the impact on growth is negative but when it is small or moderate it can be growth enhancing. 7 Gala e Lucinda (2006) developed a dynamic panel data analysis using Difference and System GMM techniques, for a set of 58 countries from 1960 to 1999, with a measure of real exchange rate misalignment incorporating the Balassa-Samuelson effect and other control variables for the growth regression such as physical and human capital, institutional environment, inflation, the output gap and terms of trade shocks. The main empirical evidence supports the argument that a real depreciated (appreciated) exchange rate is associated to higher (lower) growth rates.
One of the main contributions of our empirical estimates in the next section is to extend the determinants of real exchange rates including not only differences in per capita income but also the terms of trade, net foreign assets and government consumption. 8 We have also estimated the growth models using System GMM and correcting for too many instruments (tables 3 and 6) based on the Hansen-Diff test (p-value close to one) which has not been reported in recent studies (Rodrik, 2008; Berg and Miao, 2010) . 5 The first measure of real exchange rate misalignment ( P P P it ε ) is the same as in Rodrik (2008) , using RGDPCH to capture the Balassa-Samuelson effect, while the second measure ( F E E R it ε ) is based on the FEER view and incorporates additional variables (terms of trade, openness, investment and government consumption). 6 See Aghion et. al (2006) on real exchange rate volatility and factor productivity, which is different from the impact on factor accumulation (growth). the authors found that countries with a significant degree of real exchange rate variability experience slower productivity growth and the magnitude of such is negatively associated with the degree of financial development. 7 Hausmann et. al (2005) also investigate a non-linear relationship for real exchange rate misalignment and growth for eighty episodes when growth accelerates by at least two percentage points and that acceleration lasts for at least eight years. Their main empirical finding is that real exchange rate depreciation is one of the factors associated with the occurrence of such growth accelerating episodes. 8 Berg and Miao (2010) include terms of trade, openness, government consumption and investment as additional explanatory variables for growth but not net foreign assets.
-The Empirics of Real Exchange Rate Misalignment and Growth
In this section we outline the empirics of measuring real exchange rate misalignment and the estimation of per capita GDP growth models using System GMM.
-Real Exchange Rate Misalignment and Growth: Panel Data Estimation
In calculating the real exchange rate we follow the procedure suggested by Rodrik (2008) and use data from the Penn World Tables 6.2 for the nominal exchange rates (XRAT) and PPP conversion factors (PPP) to calculate a real exchange rate (RER):
where i is a country index and t is an index for (5-year) time periods; XRAT and PPP are expressed as national currency units per U.S. dollar; L indicates that the variable is in logs.
When RER is greater than one it means that the value of the currency is lower (more depreciated) than is indicated by purchasing-power parity. Given the so called BalassaSamuelson (BS), effect we know that non-traded goods are also cheaper in poorer countries, which requires an adjustment to take this into account. In order to capture the BS effect we run a regression of RER on per-capita GDP (RGDPCH):
where t f is a time fixed effect and it u is the error term.
The estimation of equation (2) provides the estimated coefficient for β and if the coefficient is negative and statistically significant that is an indication of the relevance of the BS effect (Table  1 , model 1). The final step in constructing an index of undervaluation (misalignment) is to calculate the difference between the actual real exchange rate from equation (1) and the exchange rate adjusted by the BS effect from equation (2), which we call Mis1.
We have used other model specifications in order to obtain additional measures of RER misalignment and we use the Hausman test to select which one is the preferred estimation. The data refers to a set of ninety countries, where twenty four are developed countries and the remaining sixty six countries are developing and emerging countries for 1980-2004. Table 1 reports the estimated real exchange rate for seven different model specifications, where in five of them the Hausman test indicates the fixed effect model as the preferred one (models 2, 3, 5, 6 and 7) while the random effect model was selected for models 1 and 4. The coefficient on real per capita GDP (LRGDPCH) is statistically significant in model 1, when it is the only explanatory variable, and it appears with a negative estimated coefficient (-0.301). This is higher than when it is included with other variables (models 2, 3 and 5), although in these cases the coefficient is insignificanct. All the other estimated coefficients for NFAGDP, LTT and LGOV are statistically significant in different model specifications and with the expected coefficient signs.
We consider this first set of results as an indication that empirical studies such as Rodrik (2008) In order to measure real exchange rate misalignment we then use the actual real exchange rate minus its estimated value using the coefficients from table 1 (Mis1, Mis2, Mis3, Mis4, Mis5, Mis6 and Mis7). The main purpose of this transformation is to investigate the role of such measures of RER misalignment in our growth models for the complete (table 2) and developing and  emerging (table 3) samples based on a two-step robust System GMM estimation.
The option to use System GMM is based on the argument that the use of weak instruments implies asymptotically that the variance of the coefficient increases and in small samples the coefficients can be bias. To reduce the potential bias and inaccuracy associated with the use of Difference GMM (Arellano and Bond, 1991) , Arellano and Bover (1995) and Blundell and Bond (1998) develop a system of regressions in differences and levels. The instruments for the regression in differences are the lagged levels of the explanatory variables and the instruments for the regression in levels are the lagged differences of explanatory variables. These are considered as appropriate instruments under the assumption that although there may be correlation between the levels of explanatory variables and the country specific effect, there is no correlation between those variables in differences and the country specific effect.
The objective here is to first estimate a simple growth model for each of our seven measures of RER misalignment and then includethe lagged dependent variable and initial income level. The next step is to estimate an extended model for each measure of RER misalignment including other variables such as: years of education (human capital), law and order (institutions), government consumption (fiscal discipline) and inflation (macroeconomic stability).
The estimated results for the complete sample reported in table 2 shows that all estimated coefficients for the RER misalignment are positive, meaning that a more depreciated real exchange rate helps foster long-run growth. The results are robust since most of the coefficients are statistically significant for different measures of RER misalignment and model specification.
For the models where misalignment is an explanatory variable with lagged growth and initial income, the estimated coefficients range from 0.204 to 0.085 and the average is 0.146, while for the extended models the range is from 0.103 to 0.026 with an average RER misalignment of 0.071, which is half of the average for the simple models. If we consider the average coefficients for RER misalignment for the simple and extended models, a 10% increase in real exchange rate misalignment increases growth from a range of 0.7% to 1.4% over a five year period, which means that the average annual increase in growth varies from 0.14% to 0.28%. Table 3 reports the estimated results for developing and emerging countries and it shows that all estimated coefficients for RER misalignment are positive, indicating that a more depreciated real exchange rate helps foster long-run growth. The estimated coefficients for RER misalignment are all statistically significant for the models where misalignment is an explanatory variable with lagged growth and initial income, and the estimated coefficients range from 0.253 to 0.120 with an average of 0.172. For the extended models the estimated coefficients for RER misalignments are not statistically significant, except for Mis6 where they range from 0.18 to 0.05, with an average of 0.112. The lack of statistical significance for the extended models are associated to the fact that for such models we have to deal with instrument proliferation (Roodman, 2009b) , which was not the case when estimating the extended model for the complete sample in table 2. If we consider the average coefficients for RER misalignment for 10 Rodrik (2008) uses annual per cent growth in GDP per capita as the dependent variable and observations are averages over five-year and our growth models use the log difference of per capita GDP growth over a five year period. Rodrik's (2008) two-step System GMM estimation for the LNUNDERVAL (equivalent to our MIs1 variable) coefficient for 1950-2004 is 0.011 (full sample) and 0.013 (developing countries) meaning that a 10% undervaluation is associated with an increase in annual growth of real income per capita during the same five-year period of 0.11% to 0.13%, which is similar to our estimation for post-1980 ranging from 0.14% to 0.28%. the simple and extended models, a 10% real exchange rate depreciation increases growth from a range of 1.1% to 1.7% over a five year period, which means that the average annual increase in growth varies from 0.22% to 0.34%. Comparing the results for the complete sample and the developing and emerging countries it is clear that the estimated coefficients for RER misalignment are higher for developing and emerging countries, suggesting that a policy based on sustaining a depreciated real exchange rate has a long-run impact on growth that is magnified for such countries.
Our first set of empirical results on the role of RER misalignment for long-run growth supports the findings from other recent studies, such as Rodrik (2008), Berg and Miao (2010) , Aguirre and Calderón (2006) , Gala and Lucinda (2007) and Eichengreen (2008) in the sense that an undervalued real exchange rate is beneficial for long-run growth, while the opposite is true for an overvalued real exchange rate. On the other hand, our estimated models have provided additional empirical evidence that long-run equilibrium exchange rates should not be modeled only as a function of real per capita GDP (Rodrik, 2008) , but should include other determinants, such as the terms of trade, net foreign assets and government consumption.
-Real Exchange Rate Misalignment and Growth: Panel Unit Roots and Cointegration
The aim of this section is to use panel cointegration analysis to calculate the RER misalignment and then estimate the panel growth models to see how robust the results are when compared to those from the previous section in terms of the magnitude and significance of the estimated coefficients.
-Unit Roots and Panel Cointegration Tests
The first step is to use apply a range of panel unit root tests (the Levin, Lin and Chu 2002 test; the Im, Pesaran and Shin, 2003 W-Stat; and two Fisher-type tests using ADF and PP tests from Maddala and Wu, 1999; and Choi, 2001 ). The results for each one of our five variables are reported in table 4 , where all the tests have unit root under the null hypothesis. We note that for real per capita GDP and net foreign assets there is no contradiction among the unit root tests as both are non-stationary. For the real exchange rate, terms of trade and government consumption there are mixed results regarding the non-stationarity of each variable. The recent literature has focused on tests of cointegration in a panel setting and we provide the results in table 5 for two panel cointegration tests based on Pedroni (1999 Pedroni ( ) (2004 and Kao (1999) , where both are Engle-Granger based tests.
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The cointegration tests proposed by Pedroni (1999 Pedroni ( ) (2004 The results for our two-step System GMM growth model are reported in table 6 using the two measures of RER from the VECM and they indicate that the estimated coefficients are positive and the results are robust for different models and sets of countries. This evidence supports the previous estimated results (tables 2 and 3) that a more depreciated real exchange rate enhances long-run growth.
Another feature from the System GMM growth model is that for the complete sample the estimated coefficients for the two measures of RER misalignment are statistically significant, regardless of which model specification is used, while this is not the case for the developing and emerging market countries sample due to the fact that the Hansen-Diff statistics on previously estimated models suggest that we need to collapse the number of instruments. In general, we can infer from our results that a 10% increase in real exchange rate misalignment increases GDP growth over a five year period in the range of 0.29% to 1.1% for the complete sample, which translates into annual increases in growth of 0.06% and 0.22%. For developing and emerging market countries a 10% increase in RER misalignment increases growth over a five year period in the range of 0.25% to 1.4%, resulting in annual increases in growth in the range of 0.05% to 0.28%.
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13 Figure 1A (appendix) shows the estimated coefficients and significance for a panel regression (fixed effects) of real GDP growth and each one of our nine measures of RER misalignment and it is clear that the coefficients are positive and statistically significant for all estimated models. 14 We did not report the results for developing and emerging countries without collapsing the number of instruments but they are available on request from the authors. See Roodman (2009b) One final task is to test for non-linearity, taking the same growth regression from table 6 for our two measures of RER misalignment, and using the squared values of misalignment. The resulting estimated coefficients are negative suggesting that higher levels of RER misalignment reduce long-run growth, but there is no statistical significance in either sample of countries and model specification. 16 We have not found evidence of non-linearity in the relationship between RER misalignment and growth, which corroborates recent results (Rodrik, 2008) but there is no consensus in the empirical literature since previous studies such as Aguirre and Calderon (2006) and Razin and Collins (1997) have found the existence of non-linearities. 16 The estimated coefficients for MisCoint 1 and MisCoint 2 squared are not reported due to lack of statistical significance but they are available from the authors on request.
Concluding Remarks
The empirical literature on growth and real exchange rate misalignment using panel data analysis has developed substantially in the recent past and the evidence suggests that the more depreciated is a country's real exchange the faster is its long-run growth, and this seems to be more significant and robust for emerging and developing countries where institutional fragility and lack of macroeconomic stability is a common feature over the past decades.
The main empirical contribution of our work has been to expand the determinants of the real exchange rate in order to calculate different measures of misalignment and to use two different econometric methodologies (fixed / random and panel cointegration analysis) for a set of almost one hundred countries with data from 1980 to 2004.
Our empirical estimation of the System GMM panel growth models has shown that all estimated coefficients for the real exchange rate misalignment are positive, which means that a more real depreciated exchange rate helps real GDP growth while the opposite is true for real exchange rate appreciation. The results are robust in terms of statistically significant coefficients for different samples and models and the estimated coefficients are higher for developing and emerging economies. The estimated coefficients from all of our nine measures of real exchange rate misalignment suggest that a 10% increase (depreciation) in real exchange rate misalignment can increase annual per capita GDP growth by up to 0.3%.
Finally, we can say that our results are in accordance with recent studies such as Rodrik (2008) and Berg and Miao (2010) regardless of the fact that different model specifications and samples are used. The crucial policy recommendation, especially for developing and emerging market economies, is to avoid processes of long lasting real exchange rate appreciation and to adopt economic policies that are able to keep the real exchange rate at a competitive level, which most of the time should be associated with a more depreciated real exchange rate when compared to its equilibrium level. 
